snRNA, spliceosome, dual translation machinery, embryogenesis 2 1 ABSTRACT 2 Splicing removes intronic RNA sequences are removed from pre-mRNA molecules and 3 enables, by alternative splicing, the generation of multiple unique RNA molecules from a 4 single gene. As such, splicing is an essential part of the whole translation system of a cell. 5 The spliceosome is a ribonucleoprotein complex in which five small nuclear RNAs (snRNAs) 6 are involved; U1, U2, U4, U5, and U6. For each of these snRNAs there are variant gene 7 copies present in a genome. Furthermore, in many eukaryotic species there is an 8 alternative, minor spliceosome that can splice a small number of specific introns. As we 9 previously discovered an embryogenesis-specific ribosomal system in zebrafish early 10 embryogenesis based on variant rRNA and snoRNA expression, we hypothesized that there 11 may also be an embryogenesis-specific spliceosome. An inventory of zebrafish snRNA genes 12 revealed clustered and dispersed loci for all but U2 major snRNAs. For each minor 13 spliceosome snRNA, just one gene locus was found. Since complete snRNA molecules are 14 hard to sequence, we employed a combined PCR-sequencing approach to measure the 15 individual snRNA-variant presence. Analysis of egg and male-adult samples revealed 16 embryogenesis-specific and somatic-specific variants for each major snRNA. These variants 17 have substantial sequence differences, yet none in their mRNA binding sites. Given that 18 many of the sequence differences are found in loop structures indicate possible alternative 19 protein binding. Altogether, with this study we established that the spliceosome is also an 20 element of the embryogenesis-specific translation system in zebrafish. 21 22 23 24 25 26 27 3 28 INTRODUCTION
88 unannotated major and minor spliceosome snRNA loci. This resulted in a total of 958 snRNA 89 loci (Table 1, Supplemental Table ST1 and File SFile1). 90 The alignment of the sequences within each major spliceosome snRNA showed two clusters 91 for each snRNA (Supplemental Files SF1). The distribution of these two snRNA clusters 92 coincides with a clear genomic organizational preference: either in condense genomic 93 repeats (Table 1 , blue), or scattered throughout the genome (Table 1, red) . Obviously, the 94 discovery of two sequence clusters for each major spliceosome snRNA is in line with the 95 possible existence of maternal-type and somatic-type snRNA spliceosomes.
96 In contrast; for the minor spliceosome, U12 snRNA is present only once in the genome, 97 which means that for U12 snRNA no maternal-type variant can exist. For all three other 98 minor spliceosome-specific snRNAs, just two loci appeared to be present in the genome 99 ( Supplement Table ST1 ). Because the observed sequences within each of these minor 100 spliceosome snRNAs are so different, we questioned whether they are legitimate snRNA 101 loci. By analyzing the expression of all these snRNA loci, it could be determined that for each 102 minor spliceosome snRNAs, only one locus is expressed (Table 1, grey, Supplemental Table   103 2) This precludes the existence of an alternative, completely embryogenesis-specific minor 104 spliceosome and we therefore excluded these minor spliceosome snRNAs from the 105 subsequent analyses. 258 RT-PCR-qSeq analysis 259 Forward and reverse PCR primers were designed for maternal-type and somatic-type snRNA 260 variants, in such a way that: 1) as much as possible of the 5'-end of the full-length variants is 261 included in the final amplicon, and 2) generic primers will bind to the maternal-type, as well 262 as the somatic-type variants ( Supplemental Table ST4 and Figure 1A ). To avoid positive 263 results due to genomic DNA background, small RNA-enriched total RNA was treated twice 264 with 5 l of RNase-free DNase (Qiagen) for 45 minutes at 37°C. Next, cDNA was prepared
